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pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Dated 



Signed 



15 May 2001 




An Executive Agency of the Department of Trade and Industry 



THIS PAGE BLANK (uspto) 



Patents Form 1/77 



QflBoe 



Request for grant of a patent 

(See the notes on the back of this form. You can also get an 
explanatory leaflet from the Patent Office to help you fill in 

MsfomJ 2 5 MAY 



25HAY0O E539605-1 DO0393. 
£01/7700 0.00-0012600.3 




The Patent Office 

Cardiff Road 
Newport 
Gwent NP9 1RH 



1. Your reference 



04862/G B/R76/D A/cs 



2. Patent application number 

(The Patent Office will fill in this part) 



0012600.3 



3. Full name, address and postcode of the or of 
each applicant (underline ail surnames) 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



Roke Manor Research Limited 

Roke Manor 

Old Salisbury Lane 

Romsey 

Hampshire. SOS1 02N 
United Kingdom 



4. Title of the invention 



IMPROVEMENTS IN OR RELATING TO CROSS-BAR 
SWITCHES 



5. Name of your agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including the postcode) 



MARGARET MACKETT 

Siemens Shared Services Limited 
Intellectual Property Department 
Siemens House, Oldbury 
Bracknell, Berkshire RG12 8F2 
United Kingdom 



Patents ADP number (if you know it) 



6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and(ifyou know itXhe or 
each application number 



^H>l 00000%. 



Country Priority application number 

(if you know it) 



...Date of- filing 
(day / month /year) 



If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day / month /year) 



8. Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer Yes' if 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



YES 



Patents Form 1/77 v 



THIS PA6E BLANK iuspto 



Patents Form 1/77 

9 Aiit^^jrie number of sheets for any of the 
^Jollovving items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 

Description 7 



Claim (s) 0 
Abstract 0 

Drawing^ 5 ^ 



10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 0 

Translations of priority documents q 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 0 

Request for preliminary examination 

and search (Patents Form 9/77) ® 



11. 



Request for substantive examination 
(Patents Form 10/77) 

Any other documents ^ 

(please specify) 



I/We request 



Signature 



12. Name and daytime telephone number of 
person to contact in the United Kingdom 



the grant of a patent on the basis of this ap plica tio 



24/05/2000 



Mar garet Mackett 



Margaret Mackett -01344 396808 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publica 
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IMPROVEMENTS IN OR RELATING TO CROSS-BAR SWITCHES 



The present invention relates to improvements in or relating to cross- 
bar switches. 

Traffic volume in the Internet is growing exponentially, almost 
doubling every 3 months. The current capacity of IP Routers is insufficient 
to meet this demand and hence there is a market opportunity for products that 
can route IP traffic at extremely large aggregate bandwidths in the order of 
several Terabit/s. Such routers are termed "Terabit Routers". 

Two important trends are also evident. First operators are 
consolidating all traffic onto a single IP back-bone. Second IP is increasingly 
required to support real-time and multimedia traffic. This means that the 
next generation of routers must also support Quality of Service (QoS). In 
particular they must support low bounded delay for real-time traffic. 

Terabit Routers will require a scalable high capacity communications 
path between its line functions. One technique that may be employed is a 
cell based cross-bar, described below. However, the effectiveness of this 
technique with respect to the router's efficiency and ability to support the 
quality of service of the communications it supports depends on the cross-bar 
configuration algorithm employed. 

This invention described here is a cross-bar configuration algorithm 
which provides very high levels of efficiency and support for quality of 
service. It has application in any switch or router such as IP Routers, ATM 
switches or MPLS Label Switch Routers. 

For a better understanding of the present invention, reference will 
now be made, by way of example only, to the accompanying drawings in 
which:- 




Figure 1 illustrates a Terabit router architecture; 
Figure 2 illustrates a cross-bar controller; 
Figure 3 illustrates a rate matrix (8x8); 

Figure 4 illustrates an example cross-bar configuration matrix (8x8); 

5 and 

Figure 5 illustrates a 'findconfig' procedure. 

Cross-bar architectures are already in use in routers and switches, but 
they typically suffer from 

1 . the inability to achieve 100% utilisation of the cross-bar without 
10 incurring very long delays 

2. the inability to guarantee upper bounds for delay as required to 
support real-time traffic. 

This section describes a terabit router architecture and explains what 
is meant by a cell based cross-bar. 

15 Figure 1 illustrates a Terabit router architecture 100 in which packets 

arrive at ingress forwarders 102, 104, 106 via their input port(s) and are 
routed across a cross-bar 1 10 to a correct egress forwarder 120 which 
transmits them across its output port(s). Each ingress forwarder maintains a 
separate packet queue for each egress forwarder. 

20 For the purpose of this discussion, a cell based cross-bar is 

characterised as follows: 

1. Each ingress line function may be connected to any egress line 
functions. 

2. Each ingress line function may only be connected to one egress line 
25 function at a time. 

3. Each egress line function may only be connected to one ingress line 
function at a time. 
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4. All ingresses transmit in parallel across the cross-bar. 

5. Data is transmitted across the cross-bar in small fixed sized cells. 
An example cell size is 64 octets. 

6. Cell transmission is synchronised across all the ingress line 

5 functions. This means that for each cell cycle, each ingress line function 
starts transmitting the next cell at the same time. 

7. The cross-bar is reconfigured at the end of every cell cycle. 
The invention is a cross-bar unicast cell scheduling algorithm for 

which the following requirements must be satisfied:- 
10 1. starvation free. No packet queue with non-zero occupancy 

must ever be starved of bandwidth across the cross-bar. 

2. fair. The algorithm must be fair in its allocation of bandwidth 
and priority to packet queue. 

3. provide configured rates. The algorithm must implement rates 
15 configured for each ingress packet queue q Jk . The rates are calculated to 

ensure the QoS of traffic streams. 

4. bounded low delay. The algorithm must provide bounded low 
delay across the cross-bar. Note that the overall delay across the whole 
router will also be determined by the traffic management functions 

20 implemented in the LICs. 

5. efficiency. The algorithm must support 100% utilisation of the 
cross-bar without loss of performance. 

An embodiment of a cross-bar controller arrangement 200 in 
accordance with the present invention is depicted in Figure 2. 
25 The cross-bar controller arrangement 200 comprises a cross-bar 202 

which is controlled by a cross-bar controller 204 which in turn is controlled 
by a bandwidth controller 206. The bandwidth controller 206 is responsible 
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for efficient allocation of the bandwidth across the cross-bar 202, and 
calculates the rates that each ingress forwarder 210, 212, 214, 216 must 
transmit to each egress forwarder 220, 222, 224, 226. This is the same as the " 
rate at which data must be transmitted from each packet queue. The means 
5 by which these rates are calculated is beyond the scope of this description. 

The bandwidth controller 206 transmits the rates to the cross-bar 
controller 204 which is responsible for efficient scheduling of data across the 
cross-bar 202 whilst maintaining the rates calculated by the bandwidth 
controller 206. It is responsible for calculating the following information at 
10 the end of each cell cycle. 

1 . To each ingress forwarder it transmits the identity of the next 
packet queue from which to transmit. Recall that each ingress forwarder 
maintains a separate queue of packets for each egress forwarder. 

2. To the cross-bar it transmits the next cross-bar configuration. 
15 A description of how the cross-bar controller 204 determines this 

information follows :- 

The rates can be represented using a matrix as depicted in Figure 3, 
which provides the example of an 8 x 8 router. Let us call this matrix R, with 
elements r jk> such that r Jk is the rate from ingress forwarder j to egress 
20 forwarder k. The rate unit employed is cells per unit time. 

Let F be the rate at which an ingress forwarder 210, 212, 214, 216 
receives data from its input port and transmits across the cross-bar 202. Fis 
also the rate at which an egress forwarder 220, 222, 224, 226 receives data 
from the cross-bar port and transmits across its output port. 
25 Let TV be the number of ingress forwarders 210, 212, 214, 216. TV is 

also the number of egress forwarders 220, 222, 224, 226. 
Then:- 



10 
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AT IV 



(i) 

(2) 



20 



(3) 

Herein, a matrix with the property that the column and row sums are 
a., equal shaU be called a sum-perfect square. This is .cose use of the term 
-nee a mathematica. sum-perfeet square has stronger properties, including 
that no entry has the same value, which is not helpful here. 

me configuration of the cross-bar 202 can be depicted by a matrix 
such as that shown in Figure 4. Each entry in the matrix may take the value 0 
or 1 . An entry with the va.ue 1 indicates that the cross-bar 202 is configured 
for transmission of cel. from the corresponding ingress (row index) to the 
corresponding egress (column index). A value of 1 indicates across-connect 
between the ingress and egress. A value of 0 indicates absence of a cross- 
connect. 

For unicast operation the cross-bar configuration matrix has the 
following properties:- 

1 ■ Each row contains exactly one non-zero entry. (Each ingress 
transmits a cell to exactly one egress.) 

2. Each column contains exactly one non-zero entry. (Each egress 
can receive a cell from one ingress only.) 

Note that these properties mean that the matrix forms a sum-perfect 
square where the row/column sum is 1. Let us call this matrix X. 
The algorithm operates as follows. 



1 • The rate matrix R is re-calculated periodically 
25 2 • 



The rate is maintained over the length of each period. 
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3. At the beginning of each period, calculate a matrix containing 
the number of cells that must be transmitted from each of the packet queues 
q jk during the period to achieve its rate. 

4. For each cell slot in the period, find a configuration which 

5 matches the cell count matrix by only servicing queues with non-zero cell 
counts. 

5. Decrement by 1 the cell counts of each queue serviced. 

6. Repeat from 3. until the end of the period at which all cell counts 
will be zero. 

10 This is expanded below:- 

Let P be the length of the period. This is chosen to be a whole 
number of cell cycles and to be of magnitude no greater than the maximum 
tolerated delay for real-time traffic. 

Let T be the cell slot number in the period P 9 such T— 0 is the first 
1 5 slot and r = P - 1 is the last. 

Let C T be the cell count matrix at the beginning of cell slot T. Then 
C° is calculated as follows:- 

C ° = PR (4) 
The rate matrix R is calculated such that C° contains integral values. 
20 How this is done is beyond the scope of this description. 

Note that since R is semi-magic, then so is (? . 

For each T 9 calculate a cross-bar configuration matrix X* suc h that 

*;-i=>c;»o (5) 

Since JJf 7 " provides a cell send opportunity for each q jk such that 
25 x T jk = x > C r is calculated as follows:- 

c™=e-x T w 



Since C° is sum-perfect and X* is sum-perfect for all T 9 then it is 
easy to prove that C^is sum-perfect for all T. In particular C'is sum-perfect 
with sum 0 so that all elements are zero and all queues have been given their 
full complement of cell send opportunities. 

An example algorithm for finding a configuration matrix 
X T matching cell count matrix Q T is presented below. The main routine 
calls the 'find_config' routine for the number of time slots in period P. 
'find_config' is a recursive heuristic algorithm. 

The main routine is: 

for slot = 0 to periodJP do 

begin 

if not find_config(ingress = 0) then abort; 

end 

The 'find^config' routine is shown in Figure 5. 
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